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ttBRBK^aE^ti. a^ME^BttBPflK: h>*^«« 
WBSia!ttlB0 5%*&< tfe lBKtt. miE&BttB 

i»*«2] \®<o&m&®£* WEaa 

ttl**f»fft*3lcE«*ftfc»«#«B4:. WEB* 
#B£^LTiitiE&Btel£*gB£n, '>ft<<hfc-~;S 

aBMFFCSHT. 

ffiE^lfc^tf^cO&HBCD^ H9E»«tt#*^ 
ftft&MCti. jME!llttMIJ:OtftSftttift 

tt^SttT^SCttlMteLfcBJMH*. 

3 ] «HMfrT#K<S ttfeBBttflMSffStfT 

6*tt<tfe iBasratti^-aL^-Bfc. nebb 

^m2(7)^®l^:^A{i-r'5m^^ : ?ICi5^T, 
ffiE!Blfc<fctffli2<D&jaB©5^ MEaBtti**^ 
/^^JRICH ME!*Btt&HB<fcD»fc*fcttSfl: 

Ii9E»BttB<B 5 V>ft <<!:*> lBKfct WEftBttB 

5 ] i lb** 4(o^w i « 

EBoBJWM^fcuT, 

(WE**©«ft«*fctt*<fc«**LTJ»E«tattl*« 

f+4$tifcsaE?aatt)i©^^>^*^**<k*"fr*^ 
6 ] i &n 4 co^rn^ i 

EBaBSttt^K^HT. 

ffiE£JBaKfcR$fcttSfl:K« lnni&T<a/P££W 
U AoltEMliA 1 > Si, Mg, Ti, T a. 
V, Mn, Cr. Zn, Ca, Li *5«ttf*±a5c*J^ 

6»in«*&<tt> \m& *>tezc £*&&£? 

mxm 7 ] i & ^ lb*« 6 ©urn* i * 
E«^a«*^t, 



^ £ * #a £ t * S8»"fe . 
m** 8 ] m#m i & ^ Lmxm 6 © t»rn* i m 

[0 0 0 1] 

ffl-Lfca«* : Ft-tn*ffl^fcafl-fe>it^J:tfaftE 

[0 0 0 2] 

tcffiffl^nr^o, ssKittaftHttSiiR^^uftif© 
^ctft£3Wji**nT^*. 

[0 0 0 3] aBttftiffl^fcMRSfli* SffiSScfctii 
£0, f»bN i F e£&ft£©»att£&<&»R3&< 

mmtfrz^tztb* dti&fflv»fca«^!y HT«+»ft 
aK^ft s nft t> t if* 5 ma«<& o fc. 

[0 0 0 4] iS¥, Xbf>C7)^r6]lZfe^LTE^ 

B««tt»*£^tM*»<!:LT, &Bi£&Bfl£iEBtt 
AjuttfcmoiiiB-cwaLfcaiiii^ttasftT^ 

5 0 F e/C r AI&^RCPhys. Rev. Lett. 6 

1, 2472(1988)), C o /C u AXtt^R (J.Mag. Mag. M 
ater.94, LI (1991)) ft £<0*BttBrfl<&«£feffl 
Btttt£3l*fcfcto*. BBtt*BB/#Btt£IBB/ 
&Btt&KB<£>-tf-> K-f u/^ffiBR<B--;*G>&Btt&H 
BKX*/^7X&fttfLTBfc£H£U ffcfrco&a 

tt&JgB^Xfc?><B*£ft8BB#T§SK:;*-f -y^T'^ 

Sckpicufextf^A^yRft^^Eai^nT^So 

[0 0 0 5] L*>U SBtt&JBBPfl<&E?$Btte££ 
flJfflLfc&JRAIft^Rtt. E8iattS5t(M*&*fc* t * 

5fcE*B»«StJ»* (GMR) SSTaBRi:*^ 
T. *#ftB«S«*ft:»39«»6ft*Co^Co-Fe 

ftttaawtt^ssnft^t^'SPflB^**. 

[0 0 0 6] f^lt, ±kEUfcJ:5&GMR* : F(08» 
ttSt»*ft*&y7h<kr*fc^»^ Ni-Fe^Fe 
ftif©ttBtta*tt4"r-&«IJB*«****XT^* (»BB 
¥5-206540^&«ft£#S8) . LfrU CCD<fc ?ft!&B 




( 3 ) 



[0 0 0 7] ZV^vteffimiZttLT. 0*];ttfNi Fe 

<d ± \ z x tr > a* )v ? m a £ © g m r m & m & t z> z. 1 1 z 

cfcoT, Ni^FeOitt^ffetA'JttlTffi 
l^^^t^^ntl^o mz-tt* CoZrNb 
/NiFe/ (Ni-O, Fe-O) /Co 9 Fe/C 
u/Co 3 Fe/FeMn«i§OXlf >A^7RK*f 
U K^^^ffiSlCcfcORO^oa^l (Co 9 Fe) 

RSfc*#»;*T*<fc#£7 7 HfcSn*Ct*«8ftS 
ftTHS(J.Appl.Phys.79(8). p. 6399, (1996)) . 
[0 0 0 8] L*L&3W6, NiFeiOcfc^ftttt 

MTiiCo^N i «cJt^T»fl:L^-r^)Sue) 

(J.Iron steel Inst. 160, 261(1948), Physical Chemi 
stry of Metals McGraw Hill, NewYork, 1953), HDD 

M*«$t5GMRBt©Co 9 FeieftdMl 
[0 0 0 9] ^hr>tt#*SSLttt^*^XA*Jl 

[0 0 10] o*o, *#&B«tttt«***<#snsx 

■T*fc»C BBttJH£*BttJB£ft4Lfc*£. &B 

t, h>*)mR\z&ttz%m&B£&m&at<DWi 

gta*»tt^«K*«*ft: LT L * 5 ^ 5 MMifift&T 
[0 0 11] 
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teJa£ffl^fc«£K, aBttlB<0ttB««rtt<&ffl±€:* 
[0 0 12] **W»4COJ:5ftK«K:»ft"r*fc»K 

#Ba#tt*ffl±si**<h#i;:, smmmm^femmz 

{tsuwit-* ^ t^m\zbtzm^m^ ts^zf^ti* 
m ^fcai«-fe >■» tBtiEteg® ££ffc-r * c <t * @ w 

[0 0 13] 

tt, »#JSll;:E*LfcJ:7K:, ^tt<ife 21<?)&B 
ttjf MEaBttJBWC*fc3*u ftomBBBttl 

m (' h > * ;u«as £ «e b # * ip $ £ ^ m t * 
aflfr^aax^t^^T. ffiEftBttB<&3 , &4>&< 

[0014] *»w0S2<&B«* : fw:. m#m2\zm 
mbtz£?\z, '>&<£*> mv&m&mt, mmm 

*B**LTttE!i«ttJBi:«Ji**T- 4>fc< 
#»Btt#a> 5fc*mi*5J:tf*20>&KJi£:£ JUIf 
SBSHimciJUT. ME*lfcJ:t«6 2$>£JHJBG>3 
«JE»«tt#3&^a**JBHictt, ME&Btt&JS 

[0 0 15] *58Wa>S3<0B»* : Ptt. B3RJS3K1E 

&#7-*y-mz&ft?%£oiz&m2ntzffim&m 
mmzn. *tt<£*>-##aBttfM»&ft**i*5«fc 

tf»2©**ltt*«r*B«*^K:*^T, jftfBSH 
l*5<fctf!g2<0&H»<B'3'&, ME5MB»«^e>&*& 
KJitcte, MEaBttA«JH«tOBfl:*fctta{bL^r 
^4«OBflai*fcttBfldlt*bT*BttJB««*t*S 

cooi6] «i^4^i8^fn m#m4\z& 

WLLtz&olZ. ')>&<£* 2%<D&m&®£> mllB^B 
ttBWK:*iaESnfc*BttJBfcft*« , r*B«* : FK:4J 

BttH«toK{fcSfcttafcu^-r^4JBo)«{bi«*fc« 

Bft«**bT*BttH3ft««4aftT^*c:t*t»Bi 
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[0017] ±»Lfc*#w<0S5ft* : Ptt* 
mtLx\t. maim 6 tz£?\z. mft&m<D& 

JBteA 1, Si, Mg, TL Ta, V, Mn, Cr, 
Zn, Ca, L i*J:tf#±a7C*35^a«tl* / >ft< 

[0018] *«w0B«-fc>i»i. m#m7\zmmi> 
(c ir > x a at * «»&-r * mm t & just * c £ * t 

**9J<&B«Ett«(ltt. R3RJS8IC 
E«UfcJ:^t. ±»lft«flO«l*Tt. MEB 

[0 0 19] *«WO)««* : FK:45^Ttt. 

ftoT, ttBtta0tt*c«fcDBBtta<&K 

[0 0 2 0] 

[0021] 01 tt*«w<o* i 
aoBffiajfisttscwfc^i-wfffiBi-c**. nc^t 

Bfil*^ 1 tt, S 1 2 /Rm#S 3 /!& 2 

aatta4*^«:*«HR&**«fi!te*tLr*LT 
H*. it#13H Sl©»Btti2(!:g2 0aift 

■ 4ta>iBich>*;Katt«b»*J»*, Hewlett 

30nm^TgJSOjp$^W-r^>^«^®T^^o Rtt#S 
3i»LfcSli5J:ff«2oai8ttli2, 4«^n^n 

[0 0 2 2] fit, Slfe<fctfS2©a8ttl2. 4 
C0^^-^^^mtt^4«, *attH4<fcD»fc*fctt 

[0 0 2 3] »l*<fctfS2©a8tti2, 4 ft, 

a^asa»iCcfc ottatts 6 **w4**ifcaatta 4 © 



[0 0 2 4] ttet>*>* Mtth>^S^f loi 
a*i&]K:-fe>x*«*«LT. ai^*tfSB2^aatt 

BStt!2, 4 0Xhf>*Hi;*ia*rtl^T^*ttaK:*3 

t*t» aatth>*^tt^* : fi©*Si (iffiis*^ 
»2©aatta4oxfcr>*rti*»»Bffa:45«cj:OE 
tttta*t«c*. si0aBttJB2<oxtr>tt 

^»B*K:»LT»«»K:H«ShT^*J:3lc-r*. 

t^^ic^t, «#a#tti!«)»«B»*anir* 

[0 0 2 5] SlfeJ:UtS2©aitt@2, 4<7>5^, 

tcte, «A«aBtt#0«B*OiS&HfflLTt)J:^ 
L, tt*<DStBttB4*Ea 
BttRft t^/H7X8»li:Si LTBfctHS 

flHc-a*;&tt**! -r* c taw* u < , ^©/p^« i 

[0 0 2 6] MttI2, 4©«JS»»«Ctta^OBtt 

sfl^ffltKi^f, aattJR&aattH (tr> 

C o - P t F e - P t &*££g-*± 

1 (7U-1) fcLTffl^iftCfi, S*WfcBtt« 
»JcMHtt^<, /1--7D<i;ft$SnSFe-Ni6 
Mtt^tFe, Co, N i 43«fctf*:tte>&^tr 
xe>#a*©*#fr>^**< K Cr0 2 , 
RXMnO H (Rte#±£&Jli. XttCa, B afccfc 
tXS r ft>£Bt;fft&0>tt< lQtf>7c3l, yW Olcifi 
H«) fc£0Bfctt*Hfflt*m* NiMnSb, PtM 

fzfcL. S»BttK&<5:*ffl^T»BttB<0Bft* 

[0 0 2 7] ft*. ±JELfcJ:5«i:Btt*f|sHctt, A 
g, Cu, Au, Ta, B, C, O, N, Si, Pd, 
Pt, Z r, I r, W, Mo, Nb, A I , M g, V, 
Mn, Cr, Ca, L i ft£©#Btt7C*******l 
Tt>T*>, »Btt*«**?nft^36^0«f(CPp1H«ft^. 

[0 0 2 8] R*ffB3©«dE«»^tt»a4i»©tt» 
C£#T*. RAtfA 1 2 0 3 , S i 0 2 , 
MgO, A 1 N, Bi 2 0 3 , MgF 2 , CaF 2 fc£ 

■<ur. gftis. 7yftBft£w*» -tn*ft^7ca«) 




( 5 ) 



* 

[0029] mT&mrtv'rteetLxmmtz&Rti: 

fc*fctt*ftL*-r^4«ttt. 300X: 

«H5©*ric7C*tLTtt, MAtf A 1 . SL Mg, 
Ti, Ta, V, Mn, Cr, Zn, Ca» Li, 3fc± 

[0 0 3 0] C0>J:^?Ei:&JB7C*^*ft**fcttafb«l 

fctt lnmKT£TSd£aW3:U>. &«fb£$fjl 5 <2 

? 1 tf>S*®J&gig£ LTcO^KttS 4 6 t 

[0031] »ant)i4a)*iaa»tt*a*"r6ftatt 

AaNi-Fe&i, Fe, N i - F e (CM o teZ<Dji 
*£»*Lfcttfk Co-Fe-BKo-Zr-Nb 

[0032] fix, d©**»»©a«tth>*;Mi 

ft*fli:fe^TH ±abfc«fc5fc»HBttJI6*, 31 
WSlM 4 <o*dc»» J: Dafc*fcttWfcL*T^*B«> 
SfcR £ fc ttgfbffij^ & £ &JB{t£«ll 5$:^LT> 

[0033] ^bic n^ffl^o^MMS^±#^mat 

*fctt«ftK^6&*4Rft^ftJi5^«fc0MlBtt«4 

[0 0 3 4] *IC, *«W<Z)»2(7)aa* : f^Jfi^SB 
C^UTa'**. 

[0035] a 2 w;*3e9i<0fB 2 ©aasR^^-siJfi* 

aasi^ ion mi co^jsi i i /^m&n 1 2 /» 
att^ 1 3/«a#a i 4/sg2<o&®jf 1 5*aa* 
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[0 0 3 6] *LT, »l*3«fctf*2©&BJBl K 1 

^&B©BfbK£fctt£fbK^&fc*&B{b£»» 1 6 

0&B1 1 5 t>3*atti*T*lJfc U- CO^MSi 1 
5 icfc-^n^ 0K{b*&ttSfcL^t"^4t«WKfbK* 
fcteS{b&^Sfc*&B{b&»ll 6£4hLT, 
Bl7t«ILft«i**l/T^. dn6&«fi£B3S 

[0037] &m&&mm 1 1 *mtttB 1 3 

tr>. gl^il2, 1 4lC30»Tt)H«T**. *fc. 

IMBttBl 7 0ifiE«»ft£ fcrH>T<b*iaLfca 
[0 0 3 8] S&2<7)&jS/f 1 5£&att#Tfi£ric-f 

$i <D&mm 1 1 <h^2(7)^s^i 5 ttt&rufc 

»«8ttB£*U :h6Mttlol*SS^i:R¥ff 

AttM^ e>mmwm\zmnz> z t &i» < z t*«-r* 

[0 0 3 9] :©J:5)a:*M8tth>^»&*^l 
0 fcfc^T. &att® 1 3 200»^*«*Ji 1 2 , 
14, tttt>% 2^©h>*AIl:J;oTj***lT*5 
9, ftK9#Bl2, 14^lt«l<04Bi (SB 
tt#) 1 liSIBttHl 3t0B*cfctfS»Bttai 3t 

sg2£>&BJi <aatt**fctt#Btt£R> is ton 

gllh &B*±1 1 3 & JztfSg 2 1 5 (OK 

[0040] z<D£otmmm\z&^T. &m&mi3 
tt»tt^«iasn*. fit, aattft^e^ssi^ 

1 1 t&2<D&m® 1 5<h©W^aS3S:ttES:W 

sol, 3\zM&2nitmtew&.*:fflffl 




( 6 ) 



■ 

$l%&{k2l±2>Ck\z£?T. 7s¥>&&V>*)l>9) 

[0 0 4 1] &ffi4&Jl)il KBXfcT ><D;£|*]tf)^££ 
#0)««*©Sia:i:«:fiJffl-r*Ci:*«T?**, ftttttB 

nKTT**. *l*J:tf»2©£JBJBl 1* 15^)S 
$tt«FJCH3e$n*t>©Tttte<. WAtf 0.1- 100mm 

[0 0 4 2] &*5. «**ft*»&T*»«teJB 1 3tt 

TZM&ttZCth'VZZo -TUt>*>* ftBtti l 7 
/&Hfls£»H 1 6 /^mtt^Ml 1 1 1 2 
/ (ftttttfi 1 3 /RtttJI 14) , '/&■■ 1 5 Rjfi 
®MM (Nfe 1 :MHfc) tttffl-rftC^T**. 

[0043] c<z)*«»«©*asiatth>*^»&* 

6ft*&«fl:^»H 1 6 £^LT&fiBttl 1 7 ftft^L 

tot, ftajRwaa^tEfflii*<Das±#«cj*-rs 
[0044] *ftw<Dm3 0)M%m?v>$zmMm 

[0 0 4 5] Hatt^W^SBacoaSlSl^-SMKK 

«a* J P2 0tt, Sl^^ii 1 1/R« 

M 1 2 /Rm# 2 1 T» W S ttfcSMHt 22$ 

[0 0 4 6] *LT. Sl*5cfctf»2t&&JHBl K 1 
5£>?^, W< t t)»8tt»b^S^ 1 1 
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^LT, 7fc*JB**lTV>*. ^n^>§^ 

[0 047] ^ &SBtt&JSBll (8 2^111 
5 *Mtt#-Cll*f tt. WJfiUfc*« 

^SiT^ L fc J: 5 ^t*iw8tttfWC««t5 d t tfi-C 

fSC^ffSL^. R*4*JI12. 14KOHT&I3 

[0 0 4 8] Mtty7-a7-i2 3tt, 2 1 

^7^17-12 3Wtf^t^oTt>J:<, R 
t*12 t 1 4T#tf*hT^tttfJ;t>. 
[0 0 4 9] ^KttfWa : p2 2»Ctta^O»Ktt»tt& 

2 3*affcH^Ht-r-5»^«ctt, a»s#tt<&*#^ 

Co, C o - P t F e - P t 

iit^7^a7-§2 3^»sp(c-*ra)ffiBttK^R 

[0 0 5 0] »«tt^7Xa7-B2 3£fctt*3S«tt 
fttl? 2 2<7>ftgte, «1MHlJWBSItft\ JftttttMlfc 

}#£n3*#£, HiLtfRiiiiiK±fr«*»3&«*a. fc 

Ac L, »S0 3S«ttafi : F2 2^*#^ttt?PflB^« 
*"T*fctf>, SSSfcttatt? 2 2 0>agf4 5-lOnm^Sch 
T-5 £Ac, Mtt^7^7-12 3 

[0 0 5 1] 7MJ y^X*«JES-r*R«#2 1 £LT 
tt, A 1 2 0 3 • Si0 2 , MgO, A 1 N> B 
2 0 3 , M g F 2 > CaF 2 , SrTIO,ftgOl* 
©R«tttt»*fcfflT*££*«T*. C©<t5&R«# 
K4 3 «c±i2Lfc<i:^^^l8ttafri?2 2 
<!:TSl8tty7-a7-i2 3»e^ s tt*5, ±K 

m<Dxmtf-&mz#&?z>i)^ 



( 7 ) 



[0 0 5 2] &m&>/y=-3-y-m2 3\t. rnwwz- 

[0 0 5 3] ±»LfcJ;'3fcJBl©fcJBl (&Btt#) 
1 1 £&EStt^-:x5-Ji2 3, *J:«*«tt^7 = 
a5-12 3fc*2 0*«)il SiOlBICtt, -ttl-fn 

RSftJl 12, 14^LT, SI 1 1 , 

[0 0 5 4] c<DmMMf&v>?7~3-y-?'i7<»£& 
RfcR£fcttRfcRj&*5fc*&Rfb&ttRl 6£;frLT 

att*J»&i:«cff5»att*JBH 1 1 0>Rfc*Rfb*ffl 
fbftBKCfctfpIRitt*. ftoT, ^S^MS^^ffl 
©tttta>**fl:*Bl act *«»atth>*^ 

[0 0 5 5] £*>\Z. *8W<&R3<08»*^C*5^ 
a7-123a, 2 3bt^il2, 14a, 14 

btz&mzffim&mLx. m&±<D&m&m&h> 
feBtt! i 7 /&ii{b£#jl i6/$i co&^i l l / 

RS#H 1 2/ (&Bfty^-3-57~Jf 2 3/RH#l 
14) s /R2*)£RHl 5#§ig<7)*ga®i <N£1:« 

■ft) tM«Ci#"C««. 
[0 0 5 6] HSttSfiffiJCi&oTaflE&jKI-^^-^ 
Mtty7-^.7-i2 3a, 2 3 

btmm#mi4a. 14b, 1 4 c <h£X5X»!L 

fc«BR±f', mico^JSB (ftBtttt) 1 l£Sg2<7> 

&rr (*att#*fctt#«it&JB) 1 5^»**n 

fctt»TEft*tlT*5 0, SSlCfcARJB 1 1. 151 

ic&JB{b£«ili 6^^rLT®:Bttli 7 3W»rtSftr 
m+2 4teg«T'&s, co>£iU77-i— m 

[0 0 5 7] *^B^(?)^4(OB^ig^O^^^Si 
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'[0 0 5 8] 04W^B^^4(Olgif^)-^« 

8^31? 3 0H SI O&Btt&ISB 3 1 /#«tt*R 
■ 3 2/R2CD$a«tt&RJI3 3»6ftftlllt» 

tdMUlf (SVSGMR*?) 3 0#i)iShtl> 

[0 0 5 9] Rl£J;tfR2 0&Btt&RR3 1, 3 3 
Btt&jg! (7'J-I) 3 

[0060] ?tz£>*>s mi&&zfm2<D&m&&mm 

3 1. 3 3©XK>3^Hi;*|fiI*fll^T^**!BC*3^ 

StfSCfcfcJcoT. RRftOttttliftJc&a:*. 

S2 0MMI13 3 0XK>J4»»*JHC»L 

[0 0 6 1 ] R 1 <£&Btt&JB! 3 l£>Xt! 

W^Btt^JB13 3^jK^«8ttm<taibTB{b^@* 
[0 0 6 2] &8tt&®/f 31,33 \Z\Z, &m<Dm& 
Co-Fe^, ^6C«Mfi^tFe, C 

o, N i*J:tf*n6**tr#ftftifoRtt*R»»3W 
^ffl^n^o aittiU3i. 3 3©s*iio.i- i 

2lcte, Cu, Au, Ag££tfcn£>£^0£:k^*S 

■*o#Rtt*R*rR**« , r*ct^Te 

3o #«tt&RJ13 2<Dff£tt 0.6~10nmgS<hr^c: 

[0 0 6 3] fc*5, iltttt&RR3 lcfcQRftSfcttR 
ftL^T^&RO»fttt*/SittS{bR^6ft*!feRlfca 
ttB3 4<&«l£tt*«»JS^ ftMSR 3 5 0>«rt*m& 
CK^HTtt. R»Lfc«R»Rfcn«fr*^t*» 

[0 0 6 4] C03**M©SVSiGMR*T3 0 iCfc 
^Tt), R 1 <Z)&Bte&JS/i 3 1 £*tD«J5£*t«J:Dft 

ft*fcttRfbL^"r^AR«>Rfl:R*fcttR<tR*^& 

S^Rft&ftffl 3 4 £^LT$K8ttB 3 5 *#*LT^ 
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VSGMR^3 Q<Dft&<D&fe{£$:mZZttf?Z* 
S VIGMR^f3 0<&^ffltt£*«KBa*££j&<pJ 

[0 0 6 5] iSSWW^aBSSS^tt. 0iJA 

1) 3 3/#Btt&R13 2/»fi8tt&«H (7U- 
1) 3 1 /^S^^tll 3 4 /IkSttff 3 5 /&mit£ 
»I3 4/MMiI (7'J-I) 3 1/#8tt4B 

i3 2/5ia^^^i (tr>i) 3 3«jsaif*«fflf 

SdtaWT**. iRLfcftllRWRoRaaH 1 !;:.*:* 
tt«R#<0ttffl«ffifc)\ tt*OMR*?fcH«llC, aa 

CR/ATS B8-B1 ltt#«9i0Bft 

[0 0 6 6] B8««fctfH9f;L SVSGMRIf 30 
<Afg2cD&Btt&MJi3 3<h&LTE&BfflBl4 1 «E 
'RU ^OE»«ttK4 1^S/W7^J8»*9«I01-S 
..hC^oT, 3fi«ttftJBJB3 3 0XhT>*-*ia]»^H 

[0 0 6 7] HfillC, S&2*5J:tfgl3 0 

RSR^lcfc^Tfc. 0 1 0£cfctflll 1 1 \zk-?£o 
\Z. ES8ttR4 l$ftfflLT*8ttl4 2^e>S 
i»t5:tOT#5. E»aitB4 1CH FeM 
n, PtMn, PtCrMn, NiMn, I r Mn> C 
oO, NiO, Fe 2 0 3 tt£©#SIOEa*tt*M»* 

ttffln:im-5. aiRttB 4 2 bh 1 £ 

*5M»atti2, H2lC*5tf*»Btt*«Bl 3, 0 
3iC6»eiitty?=a?-i2 3, $5lCtt*-*l£ 

[0 0 6 8] B8-H1 1 K^fftRS^'y KffiRRR 
\Zt*»T* ftB<BR»»tt («C«tt^J:cnK»tt) 

4> ^® a i c cfc o k o ^ o a 14 1 x tf > & s& a £ 2 -tt * 
&*R»^y Fffimz&^T*>&mTz>cttfTZz>o 

[0 0 6 9] £tz. BStlStftiSIi^yHilTffl^ 
*»W^)«S*^llE«l»ttie4 1 €rft4"T*»^. t: 
>ib*Lfco>&RttRK:e«53iRttR4 l$tt4lft 
< <ht) < fc<> OTAtfH 12^01 3IC^Tcfco(C, 



E3SRttiBSS:*rr3£BR4 3, Sfcli7iUBtt* 
R4 1 *tt4LTt>«fcH. ^IC, 7xU«tt*@l4 4 

/e^b<4^4 i m&&&/ft±m/ i &M j & 
<h(ictoT, -#A»#tt#t!>RK:ft4Stt*. 

6RRtt#tthc pR*T**Ci#R*U<, Co- 
Pt, Fe-Pt, Co-Pd, Fe-Pd, *fctt# 

±a-ai*aRRatt£Rfc£*ffl^*<fcJ:oa^-# 

[oo7o] ^jc, ^woaa^sasiEttiii^tc 
mm-rz>m£v>m?®fe\z'D^Tmw-?z><, bi4-h 

SHttRfcERBtT**:*^ te^^attl^rX tf > 

[0 0 7 1] HI 4fccfctflill 5tttt«RffiL£g£L 
tt, Mtti4 2IC&LTE&R14ISI4 1 £E@U Z 

<Djx&m\tm4 ifrt>/u77>mR*mn-?z>z.t\z& 

MttI4 2»H1 fci5tt*BRttR2. H2K*5tt* 

&r&&jbjii3, H3{c^tt6^att^^xn.^-i 

2 3, a6lCtt-tn6fcR«#t«>*BBlfti:T»*. 
fit, fcRft^RBl 6*^LTttRttRl 7#W* 

Bte! 1 7 <h3i*BteJi 1 1 <fc(0«BR€:BR:fc<fctfR* 
fflLB£LT«fiE£-t*-*. 
[0 0 7 2] *fc, 0 16, HI 7*5ct^Hl 8tt*« 

0, ftRttHfcRBttBfc*R3K»£t£«££K:«fco 
T, R*UL«*J;tf»#&*Ji*R». ««R#TR 
RttBORfls£EIE£i**££k:«fcD, R«]&^ROR 
R*#R«TR*fflTCt*«T*f*. H16~H18(C 
fe^TH &B&® 1 7 £&Btt)f 1 1 &4)MRR*<R 

*&uifT6o, ig^a^chLT^atti4 2^^ait 

[0 0 7 3] Z.<D$k. E»B£&*K«B*<B3£RttB 
tc#LTt>, *ft*ORft*fcttRfl:tt»r^ftR©R 
ftR*fcttSftRS:^LTftRtt)B&f*-^T*C<!:lc<fc 

oT, *R«R*UiU«)IR©R€ra*R»*iil^*** 

[0 0 7 4] -£LT> 0 1 9 \Z^£o\Z, ±3iLfcJ: 
5&*RWOR*»-f 5 l*h7>vX^5 2, 
^7<>53, R*fcBL7*f >5 4* t*7h7<>55 



( 9 ) #IB200"0-020922 



* 

[0 0 7 5] ±5EUfc<fc'5ft:*«W©«8»* : Ftt. #« 

B»4&<, Si, Si0 2 , A 1 2 0 3 , XK*;k M 
gO, A 1 NfttfStoHTSCfctfT**. 
[0 0 7 6] ft*tt»»T^Lfc«fi!EB*0«S 
Id, WtfAu, Ag, C u&£Zt*ttt><D£&, T 

&£tf^n£tf)££, A 1 2 0 3 , SiO z , NiO, 
JHfls^ttH t 5 lc#f C t (let 

[0 0 7 7] 

[0 0 7 8] H»j 1 
X^7^8g^<fc^^JKX^*ffiW, S i0 2 i 
fc&£tfA 1, 0 3 i«±l:N i 80 Fe 20 ^30niD8llL 
fe^iCA 1 (0.8nm) fcjfflRU *6**fc^* WN'IC^A 
LTA 1 SRffcLfc. Co 9 Fe(2nm) £fi£J^ 

Lfz'&s Al(inm) *j«RLT:/5Xv»ft;l,fca, * 



(0±ICC o 9 F e (10nm)/ I r 20 M n 80 (14nm) 

Lfc, ftJi^jsKISttN igoFejQ, Co 9 Fe, Ir- 

Mn, A\Z?-?vbtL* Ar#*JE lX10-3Torr 

[0 0 7 9] N i 80 Fe 20 /A IO x /Co 

9 Fe/Al 2 0 3 /Co 9 Fe/I r M n#tit<7)80/i 
m 2 %<Db>*)V&&*:ftmL1t, *<0'&. tt»* 300 

gfi±T90JSffi«O#fa£^x., *-0>£S£fl^ift«* 

[0 0 8 0] CO h 27O < CTSPtr0l7-- 

0 k^t. 02 oic^-Tcfc^K, asuastsd 

*«tttt, &H k =80e fcV^/h*tt«»TA*(»ca« 

[0081] h>^^ii#f^si 

O, , A1N, MgO, B i 2 0 3 . MgF 2 , C a F 

ISHfc^Lfc. S SC, N i -F e <hC o 9 F e t<DWi 
\ZWLtttZCo-F e«fc0feB(tU^T^4JBtt* Co- 
F e £ t0 J b^{bb^'r^7C^T^ntfJ:<, Si, M 
g, Ti, V, Mn, Cr, Zn, Ca, Li, Gdfc 

[0 0 8 2] 
[SI] 




( 10 ) $$P82O60-O2O922 



C7-— ^:270RClOOh) 





MR(%) 


Hk(Oa> 


MR(96) 


Hk(Oe) 


Ni83Fe 1 7/SiOx/CoFe/Si02/Co/PtMn9 

(10nm) (05nm) (3nmXl.5nroX5nmX20nnQ 


10.3 


8 


10.1 


82 


KliftaFf*90/AINx/CoFe/AIN/Co/lr2Mn8 

Onml (0.7nm) C2nmXl 2nm)(4rtmXL2n_mJ ] 


132 


7.6 


125 


8 


Nft i FaI B/OrOjt/GoF*/CiF2/'Co/PtMn9 

y 2nm) (05nm) (1 nmX2nmX3nm)(22nm) 


B5 


6.3 


8.7 


6.7 


Ni83Fe1 7 /AINx/CoFe/AIN/Go/PtMn9 
(4nm) (1nm) (3nm) (15nmX5omX20nm) 


16.1 


7.9 


155 


85 


kUQCfv, | s/M»Ox/Ca7Fo2Ni/McO/Ck)8Fe2/NiMn 
CWnm) (Iron) (Sum) (2nm)(8wn) (20nm) 


14.1 


65 


135 


9 


Ni85Co1 5/AIOx/Co7F«2Ni/AC03/Co8Fe2/NIMn 

(13ron) (05nm) (3nm) ft Jnm)'<5nm) C22nm) 


175 


7 


17 


72 


Ni85Co1 5/Mg0x/Fe/M£O/Co8Fe2/NI0/NIMn 
(5nm) (0.7nmXtOnmXl.7nmX8nmXOArwnX30nm) 


17J8 


85 


17 


85 


NI85Fe1 5/AJ0x/Co8Pt2/AI203/Co8Pt2/NIMn 

(9nm) (O.Bnm) (5nm) (Mnm) (6nm) (20nm) — I 


185 


75 


185 


8 


Ni8Fe2/AIOx/Co8Pt2/AI203/Co8Pt2/AIOxyNi8Fe2/NiMn 

(7nm) (0.5nm)(4nmXl5nm)(5nm) (Inm) flnm)(20nm) 


155 


75 


152 


75 


NiBSCol 5/0d0x/C3o7Fo2N^AI20VGo8Fa2/NII^ 

C18nm) (tnm) (3nm) (Inm) (Arm) (22nm) 


14.5 


7.1 


145 


85 


Fe/AINx/CoFe/AIN/Co9Pd/PtMn9 

(10nmX0.8nm) (1.7rnnX2nmX5nmX20nm) ____ . 


I M: 


9 


12.6 


92 



ttttw i - 3 

X/t7^gg^ct^/^^VX^^ffl^T> Si0 2 S 
&&£ZSA 1 2 0 3 S«±tCN i 80 F e 20 £30nm*gff 
U ^tf)±lCCu(0.8nm) S&KLfcR, ££teftt>/£ 

T» ttRSSS^^AK^AU Cu^Ni-Fe 
SrRffcLfcfcO, £fcN i 80 F e 2O £30niD*ajf 

fc. 

[0 0 8 3] *^T% J £tl*>0±\ZC o 9 F e (2nm) & 
j£KU 3 SKA 1 (Inm) tdWLT^XvBfcLfc 
ft, ^^)±lCCo 9 Fe(10nn)/I r 20 M n 80 (14nm) & 
ftOBLfc. #I^««N i 80 Fe 20 , Co 9 Fe> C 
u, AK I rjoMn^^-yyhil, Ar^XE 

1 X 1 0-3Tor rTX A° y * £ ff o fc 0 

[0 0 8 4] -eoig*, N i 80 Fe 20 /CuO x /Co 
9 Fe/A 12 Oj/Cog Fe/I rMn (tfc«« 

1 ) » N i g0 Fe 20 /N i-Fe-O x /Co 9 Fe/ 
A l 2 0 3 /Co 9 Fe/I rMn (fct*fcM2) , N i 
80 F e 20 /C o 9 F e/A 1 2 0 3 /C o 9 F e/ I r 
Mn (Jt«W3) co^«5ii08O/im 2 &<D h>*;M*£ 

[0 0 8 5] ^£>&, ES&£ 300riCTfiBJ§*&ffl3£ 
£EI2 1 -g!2 3 IC^To cnb^HC^t^^C, a 



[0 0 8 6] ££012 
XA'^SI^^^/^i^X^^^T, Si0 2 S 
KfccfctfA 1 ? O 3 £«±KFe£20nri8JiU *-0>± 
ICS 1ft 0.5ni*DILrtt«**^^>AKWAUfc. 

C o 8 F e 2 (2nn) SfiBL, *<b±\ZA 1 * 
Iw^LT^X^fcfcLfc*. Co-Fe-Pt^ 
2nmfi£BtUfcft. S^Al^ lnndcK 1X^7 X7g[ft 
Lfc. *0±KCo 9 F eft 2nmfls»Lfc«, Pt-M 
nft20nmJ*KLfc. *H0)jS«ttFe, Co 8 Fe 2 , 
Co 5 Fe 3 P t 2 , AK Si, PtMn 9 ft^-y 
yhfcU Ar#XEE IX10-»TorrTX/^y **!to 
fc. 

[0 0 8 7] Fe/S i O x /Co 8 Fe 2 

/Al 2 0 3 Co-Fe-Pt/Al 2 0 3 /Co 9 F 
e/Pt -MnSt^OSO/im 2 ft© 2fih>*^&-&ft 
flsSLfc. tt»* 250 < CtCTffi^4'^S1"^ 

C£K£oT, -HbJWrttfttt^Lfc. 

[0 0 8 8] ±Eh>*;U«^* 270TCICTft»IB 7- 

Toaa»trts(i*i*tttt»H k =70e 

Lfc. 




( 11 ) WBB2000-020922 



[0 0 8 9] b>*)\>&&cr>ffin&m&s i 

0 2 > A1N, MgCX B i 2 0 3 , MgFp CaF 

JteSfc^Lfc. FetCo 8 F e 2 t<7>ffl\zmiftCo 
-F ekQbmkL^t^&Mte* Co-F e£0bm 
itb J $>t^7i%r&n&&<, AK Mg> T i , V, 
Mru Cr, Zn, Ca, Li, GdUZZm^tztt 

[oo9o] mmm 3 

7srty*mmzm^T, s io 2 s«*5j:tfAi 2 03 

S«±(CN i 80 Fe 20 £ lnmmmVfz'&. A 1 (0. 7nra) 

sjsku i&mmzr* > wzm alt a 

ft. *^T% Co*fcttCo 9 FeO.Snn) 
mzCu£f&mi<* t0±\ZC o (3nm) /I r 20 Mn 80 
(14nin) £fc&Co 9 F e (3nm) / I r 20 M n 80 (14nin) 
Zftmistz. §iO)eEI«Ni g0 Fe 2() , Co s Fe, 
Cu, A 1 Zf-fv h£U A r #XEE lxiO-3Torr 

[0 0 9 1] ^<£>ig3L N i 80 Fe 20 /A 1 O x /Co 
9 Fe/Cu/Co 9 Fe/I rMn, N i 80 F e 20 / 
A10 x /Co/Cu/Co/I rMniiiOE^ig 
ffita^m^^f^Sb^o 300X:iCTm 
Jf+f&JagU I r Mn<£:/D^*>^MSfi-tT90j£ 



[0 0 9 2] ±g2E*&m£ta#)3l3t^ (xtf>A*;i,y 

B£) £ 270 < CTgP$P*17--;b£fT^ fiS^ffitri^ffi 
5tC^-Tck^(C> aS^fitfi^1*tt^H k =60e 

m&£zfHi#\zmzftLT&feLfz®&*7KL. m& 
[oo9 3] u^m^R^m? i^yn^m 

Ol^SStt^Sl^Ag, Au, Cu-Au, Cu-A 

g, cu-n i <Dtzbmmv>ffifa**L* u*:m%s& 
<Dmm, K^m^m<Dmm\z&^rmm<D^^L 

fz<> Ni-FetCo 9 Fe*fcttCo^Bi: 

miftco-F e^co&obffitL^-r^&mi** c 

o-Fe^COctO t>*fcL*T^S*T**ltf «fc < . 
Si, Mg, Ti, V, Mn, Cr, Zn, Ca, L 

i, Gdte£&m^tzt$bmm<Df&&i£&m§<bn 

[0 0 9 4] 
[*2] 

270JKC1 OOh) 



Sample 


7^-M» 

MR(96) 


Hk(Oe) 


MRC96) 


Hk(Oe) 


Ni83Fe1 7/SK)x/Co8Fo2/Cu/Co/PtMn9 

(5nm) (0.8nm) (2nm) (2nmX4nmX20nm) 


7.3 


7 


—'7.1 


6.9 


Ni80Fe20/AINx/Co9Fa/Cu/Co9Fe/lr2Mn8 

(7nm) (0.7nm) (3nm) (2.2nmX3nmX14mn) 


82 


6.6 


8.8 


75 


Ni81Fe19/CrOx/Co/Cu/Co/PtMn9 

(IZnm) (0.8nm) ClnmX2nmX3nmX21nm) 


75 


7.3 


7.7 


7.7 


Ni83Fe1 7/AINx/Co7Fe3/Cu/Co9Fe/PtMn9 
(4nm> (1nm) (3nm) (1.5nmX5nm)C20nm) 


3.8 


7.2 


8.6 


8 


Ni85Co 1 5/M«Ox/Co7Fo2Ni/Cu/Co/Ru/Co/NIMn 

C20nm) (Inm) (2nrn) (2nm) (3nin)(D.BnmX3nm) (20nm) 


8.4 


68 


8.3 


8 


Ni85Co 1 5/M«Ox/Co7Fc2Ni/Cu/Co9Pt/Ru/Co9Pt/NlMn 

(20nm) (Inm) (2nm) (2nm) (3nmK05HmX3nm) (20nm) 


8.1 


85 


8.3 


8 


Ni85Fol 5/AIOx/Co7Fa2Ni/Cu/Co8F»2/NiMri 
(!3nm) (05nm) <3nm) (2.3nm) (5nm) (22nm) 


7.3 


8.4 


7 


8.2 


NI85Co 1 5/MgOx/Co9Fo/Cu/Co8Fe2/NJO 

(5nm) (Q.7nmX3nmXl.7nmXBrunX30nm) 


12^ 


82 i 


12 


8.9 


Ni85Fo1 5/ AIOx/Co8F«2/Cu/Co8Fe2/NiMn 

(9nm) (0.8nm) (4nm) (1.9nm) (8nm) (20nm) 


75 


7.8 


7.5 


8.5 


NiMn/CogFe/Cu/Co9Fo/A!Ox/Ni8Fo2/AIOx/Co8Fe2/Cu/Co8Fe2/NiMn 
C22nmX5nm)(2nm)(1.5nm)(0.5nm) (7nm) (OSnm) (1^nmX2nmX4nmX22nm) 


145 


8.5 


15.1 


75 


PtMn9/Co9F8/Cu/Co9Fa/AIOx/NiBFe2/AIOx/Co8F©2/Cu/Co8Fe2/PtMri9 
(20nmX3nm)(1.7nroXlnm)(0.5nm) (8nm) (0.5nm) (1nmXl.7nmX3nmX20nm) 


155 


7.4 


15.3 


8.5 


NiMn/Co8Fe/Cu/Ca9Fo/AIOx/NiBFe2/AIOx/Co8Fo2/Cu/Co8Fd2/lr2Mn8 
(l5nmX3nm){2nm)(2nm)(0.7nm) (9nm) (07nm) C2nmX2nmX3nmXl5nm) 


14 


8 


14.6 


8.7 


Ni8S Co 1 5/AIOx/Co9Fe/Cii/Co8Fe2/Gd/Co/NiMn (77K) 

(Snm) (0.7nmX2nmX1.7nmX3nmX3nfnX3nmX3Ofifii) ; 


185 


102 


18 


105 



XAy^iiSffl^T. S i O z i5<fctf A 1 2 0 3 Sffi 
±ICN i 80 F e 20 £ 7nmSlbfcf$. C u (0. 7nm) 



CuiJcfctfN i - Fe«ftLftt)«). *fcNl M Fe 
©<0 3fflH€feSLfc. ^-W±tcCo 9 Fe 




( 12 ) 



<1.5nm) *3cfctfCu£fSRLfc», ^tf>±lCCo 9 Fe 
(3nm) / I r 20 Mn 80 (14iun)*fi5MLfc. ftliOdcHtt 
N i 8 o F e C o 9 F e „ Cu, A 1 > I r 20 M n 80 
if—fyhtL* A r # 7>EE 1 X 10-3TorrTX/t y 9 

[0 0 9 5] N i 80 F e 20 /C uO x /C o 

9 Fe/Al 2 0 3 /Co 9 Fe/I rMn (Jtttfl 
4) > N i 80 Fe 20 /N i -Fe-O x /Co 3 Fe/ 
AI 2 0 3 /Co 9 Fe/I rMn (Jt«« 5 ) , N i 
80 F e 20 /Co 9 F e/A 1 2 0 3 /Co 9 Fe/I r 

Mn (jt«kM6) o)&®m<Dm*:m%&&i®%:m=? (* 

[0 0 9 6] ±g2Xfcf>A # ;i':/&£ 270 < CTgP#P* t 17~ 

fc. 

[0 0 9 7] Hffi0ij4 

S«±ICN i -Fe*40nni«Bbfc», AIN^ lnoj£ 
KU *©±HC o 8 P 1 2 JK£ SninfiJEKLfc. *n 
"C, Co 8 P t 2 tS i 0 2 t?-yy h£LT. Co 
8 P t 2 tS i 0 2 OMMtJtjWfi l:UCft*J:5JcBII* 
X/Vy*£?Tofc. *-<Z>IR, S*/\-f 7XtUT400W« 
*»*#6Jfcit*fT3£. (Co 8 P t 2 -S i 0 2 9 

io 2 ) <Dmvtmmm(um)&ftmtzn 

fzo *<D±\ZS i 0 2 \m&mLfz'&. Co^Fe 




#182000-020922 

*30nmJSttLfc. -t<&|R<0A r #XEEte lxiO"3Torr<h 

[0 0 9 8] N i -Fe/A 1 N x /Co 8 

Pt 2 /Si0 2 / (Co 8 Pt 2 -Si0 2 y^-o. 
?-/S i O, ) /C o 9 ®iS<7)50/zni 2 ftca&fi&tt^ 

&. lift* aoor^TBS+Wfiaur-Kift^rtts^ 

*HMWC0>ttJR. M*#*t^>Co, P 
N i — Fe/A 1 N/Cog P 1 2 > Co 9 Fe|(?)t 

[0 0 9 9] ±IBh>*>lU*g££ 270t;"rfil*M7-- 

je»*H2 9^"r. S2 9(C^T<t3(C, filitO 
«»«tfi:81«»tttt» 40e fc^5^*fta»-C**^ 

fc. 

[0 10 0] h>*^«^©B!«<Wl3WA 1 2 0 3 , A 
IN, MgCX Bi 2 0 3 , MgF 2 , C a F 2 <Dt£ 

fen*to«iai*«u h>*)W&<omn»iB* mam 

/Co *fc, N i -Fe £Co-P t fcOIBlCttttfcC o 
-P t «fcD*>aftL*T*>*«tt. Co-Fe^ng 
ftL^»-r^7C*-r*tltf«fc<, Si, Mg, T i , V, 
Mn, Cr, Zn, Ca, Li> Gd&£*ffl^fci:# 

G>WIMt**3K:*-r. 
[0 10 1] 
[*3] 




( 13 ) #§12000-020922 



(T--^:270ffC10Oh) 



Sample 


MR(96) 


Hk(0») 


MR(%) 


Hk(Oe) 


Ni83F«1 7/SiOx/CoFe/Si02/(Co8HtZ-SiUZ7 7^7-Vi>KJ2/0<>l-e/lrZMntt 
B&gg) <QWttnm)f1*«) (8nm) ^ 




7dfl 


9 


82 


Ni80Fe20/AiMx/CoF«/AIN/(Co-AIN7 7^7-)/MiN^<whB/KMn9 

Orwn) <0.3nmX2nffl)(2mn> (11 nm? Qnm)(3nm) (22nm) 


12 


8£ 


13 


7.3 


(I5nm) ftL5nmXlnm)(1.5nm) (flnni) (1 < 5fimXSnm)C22niiO . 


13.3 


7.1 


13j0 


11 


NBF5^gOx/Co8Fe2/Al203/(hc8Pd2-AI2037 7 ^7-VAl203/NiFe/NiMn 
aOnm) (1nnQ(4nm) (1,5nm) (8nm) (1.5nmX8mn) (25nm) 


125 


85 


12 


IB 


Sample 


MR(%) 


Hs(Q«) 


MR(96) 


Hs(Oe) 


NI8Fc2/OdOx/Co9Fe/AI203/(Co8Pl2-AI203r7^i7--VAI203/Co9F© 
r»nnmyQ5nmV2nni)(1.2nm) (10nm) (\2nm) {10nm) 


I 13 


3 


13.4 


3 

t.9 1 


NiaCo^MeOx/Fe/MgOACoem^gO^^ 

hOnmX0.5nmXl(Wf1*irn) (10nm) J 1 ^^^^^^? 


135 


1JB 


13.4 




NiB5Co15/ZnO*/(k>8Pt2/AlOM^ 

/o— n "> fo„ m ^ flnm> Onm) (Inm] (7nmX0.6nm] 


15J9 
{8nm) 


1JB 


15 




Ni8Fe2/TO*/Co8Pt2/AI203/^^ 14 J 
f 1 QnmX0.5nmXl ~n) (1 .5nm) (12nm) (l-Snm) ^rrnifpJnm^Jvm} _ _,_ 


tJ3 


14.2 


IJ9 


m m ) to*m)(S™} (lOnm) (1.3nm)<2i OT XO^? ^0"^ 


IB 


13.5 


2 


S^e2/VOx/C<rf^^ 

(7nmX0.5nn,X2nm) (I2nm) arm)- (1 Awn) OnmXO.Snm) (15nm) | 


1.3 


11.8 


1 15 



J±«0J7 

SfiiKN i g0 Fe 2O £40nm«llLfc». *<F>£\ZQ,o 
8 P t 2 (5nn) ftfifcRU ^cd±(CCo 8 Pt 2 iSi 
0 2 ft^-y* hiLT, Co 8 Pt 2 <i:SiO^* 

l:l£fc*«fc5£HI$X/t!y*£fTofc. 
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\t lxiO-STorrTX/ty^ftfT^fc. 
[0 10 2] Ni-Fc/COgPt 2 /S 
i0 2 / (Co 8 Pt 2 -Si 0 2 y*7~:L5— /S i 
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OK, S«(C**;l^X£ ft /W7X400W4* 
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